Objective: The aim of this study was to determine the safety of elderly cancer patients ($70 years) undergoing hepatic resection (HR) or pancreaticoduodenectomy (PD) in comparison with younger adults (,70 years). Methods: A total of 1,012 consecutive patients undergoing HR or PD were included. The incidence and severity of morbidity were documented within 30 days postoperatively and compared between elderly and younger groups. Risk factors associated with postoperative morbidity were investigated by multivariate logistic regression analysis. Results: Elderly patients (n=111, 11.0%) had more comorbidities and worse preoperative general condition and liver function versus younger patients (n=901, 89.0%), and thus were more likely to develop infectious (eg, systemic sepsis and urinary tract infection, both p,0.01) and technical-associated complications (intraperitoneal bleeding and biliary/pancreatic fistula, p=0.029 and p=0.074, respectively). However, the incidence and severity of complications were comparable between elderly and younger patients in the whole cohort, and also in HR and PD surgery groups separately. Preoperative hemoglobin (odds ratio [OR] 1.4, p=0.007) and intraoperative blood transfusion (OR 1.9, p=0.002), rather than age, were independently associated with postoperative morbidity. Hepatitis (OR 2.9, p=0.001), preoperative hemoglobin (OR 1.6, p=0.036), and pancreatic versus hepatic surgery (OR 2.3, p=0.005) were independently associated with postoperative infectious. For elderly patients only, American Society of Anesthesiologists (ASA) score III (OR 2.1, p=0.033) and intraoperative blood transfusion (OR 3.2, p=0.030) were independently associated with postoperative morbidity. Conclusion: HR and PD can be safely performed in selected elderly patients versus younger patients. Elderly patients with ASA score III or above should be cautiously selected for major surgeries.
Introduction
Aging of population is a global phenomenon. For example, according to demographics, older adults are the fastest growing segment of the United States population, and it is expected that there will be a continuous rise in the demand for a variety of surgical services. 1 In contrast with younger patients, the perioperative management of elderly patients is more complicated because they are more likely to suffer from chronic illnesses such as respiratory disease, cardiovascular disease, diabetes mellitus, and renal dysfunction. 2 Due to this fragility and decreased physiological reserves, elderly patients are prone to develop postoperative complications and other unexpected outcomes.
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Elderly patients with liver or pancreas disease are associated with gradual alteration of liver or pancreas structure and function, as well as various changes in hepatic or pancreatic cells including hepatic sinusoidal endothelial cells and pancreatic β cells. [6] [7] [8] Surgical resection of the liver or pancreas is a complex procedure with a high rate of morbidity and mortality. [9] [10] [11] Thus, elderly patients underwent surgical treatment less often than younger patients in the past because of the fear of an increased risk of postoperative complications and death. 12 However, with the development of surgical techniques and perioperative management, some studies with small sample sizes indicated that clinical outcomes of surgical resection for hepatic or pancreatic disease were comparable in younger and elderly patients. 10, 11, [13] [14] [15] [16] [17] [18] [19] Given these findings, some studies strongly encourage an active approach in elderly patients. 11 When formulating surgical therapy for elderly patients, surgeons should first focus on the safety of elderly patients, and then balance the net clinical benefit. Thus, the objective of the present study was to evaluate the perioperative outcome of elderly versus younger adults who underwent major hepatic or pancreatic surgery among the 1,012 consecutive cases.
Patients and methods study population and data collection
All consecutive patients undergoing hepatic resection (HR) or pancreaticoduodenectomy (PD, Whipple's procedure) for identified hepatic or pancreatic tumors between January 2012 and September 2015 in the authors' institution were retrospectively included based on a prospectively maintained database. The study was approved by the Ethics Committee of The First Affiliated Hospital of Xi'an Jiaotong University. The committee waived the need for written informed consent, since the data were analyzed from electronic medical records and reported without personal identifiers. All the procedures were accomplished by senior surgeons with .10 years of hepatopancreatic surgery experience. Patients with one or more of the following conditions were excluded: cachexia, preoperative renal dysfunction, pulmonary or biliary infection, laparoscopic or emergency surgery.
In total, 1,012 patients who underwent HR or PD were classified into two groups according to their age at the time of surgery: elderly ($70 years; n=111, 11.0%) and younger patients (,70 years; n=901, 89.0%). Data on gender, body mass index, smoking history, comorbidities (eg, cardiac disease, diabetes mellitus, and hepatitis) and American Society of Anesthesiologists (ASA) score were collected from the medical records. Biochemical examination, including blood routine tests and liver function, was routinely performed 24-48 hours prior to the surgery. Surgery duration, intraoperative blood loss and transfusion, and surgical procedures were documented in anesthesia and operation records. The primary disease was evaluated preoperatively and intraoperatively, and confirmed by pathological examination.
Postoperative morbidity
Postoperative morbidity was evaluated for each patient within 30 days after surgery. Liver failure was defined as a postoperatively acquired deterioration in the ability of the liver to maintain its synthetic, excretory, and detoxifying functions, which are characterized by an increased international normalized ratio and concomitant hyperbilirubinemia on or after postoperative day 5. 20 Renal failure was defined as an increase in serum creatinine of $1.5-fold from the preoperative baseline within the first 5 postoperative days. 21 Biliary fistula was defined as bilirubin levels, in the drain output or in the fluid aspirated from a clinically significant intra-abdominal collection, three times higher than those of serum or confirmed by postoperative radiological examination. Pancreatic fistula was defined as any measurable volume of drain fluid on or after postoperative day 3 with amylase level .3 times the upper limit of normal amylase. Intraperitoneal bleeding after HR or PD was defined as a drop in hemoglobin level .30 g/L postoperatively compared with the postoperative baseline level (eg, hemoglobin level immediately after surgery) and/or any postoperative transfusion of packed red blood cells for a falling hemoglobin level and/or the need for invasive re-intervention (eg, embolization or re-laparotomy) to stop bleeding. Pulmonary and peritoneal infection was diagnosed based on clinical symptoms, imaging studies, and/or positive cultures from drainage fluids. Systemic sepsis was confirmed if the patient had at least two of following conditions: 1) body temperature .38°C or ,36°C; 2) heart rates .90 bpm; 3) respiratory rate .20/min or PaCO 2 ,32 mmHg; 4) WBC .12.0×10 9 /L or ,4.0×10 9 /L. 22 Wound infection was defined as infection involving skin, subcutaneous tissue, or deep soft tissues (eg, fascial and muscle layers) of the incision with redness, swelling, tenderness, pain, or purulent drainage with or without laboratory confirmation. Gastric emptying dysfunction was defined as requiring or reinserting a nasogastric tube between day 4 and 14 postoperatively or the inability to tolerate solid diet postoperatively. 23 Postoperative complication was also classified according to Clavien-Dindo classification of surgical complication. 
Results
Baseline characteristics
Among the 1,012 patients, 610 (60.3%) patients underwent HR, while 402 (39.7%) patients underwent PD. Not surprisingly, elderly patients had more comorbidities (eg, diabetes and cardiovascular diseases) than younger patients (both p,0.05, Table 1 ). In addition, elderly patients displayed worse preoperative conditions, including higher frequency of Child-Pugh B class, higher ASA score, increased preoperative bilirubin and leukocytes, but decreased albumin and hemoglobin (all p,0.05, Table 1 ). The indications for hepatic and pancreatic surgeries were similar between elderly and younger patients. However, in the included study cohort, Postoperative morbidity Figure 1A ). Moreover, there was no significant difference for severity of the postoperative complications between elderly and younger patients in either HR or PD groups (both p.0.1, Figure 1B ).
risk factors associated with postoperative morbidity
All risk factors with p,0.1 identified by univariate analysis were subjected to a stepwise multivariate logistic regression analysis (Table 3 ). In the multivariate analysis, hemoglobin (OR 1.4, 95% CI 1.1-2.0, p=0.007) and intraoperative blood transfusion (OR 1.9, 95% CI 1.5-2.4, p=0.002) were independent risk factors of postoperative morbidity across both HR and PD surgery. However, age was not associated with postoperative morbidity in the univariate and multivariate analyses.
risk factors associated with postoperative infectious complications
Given that all elderly patients were more likely to develop infectious complications than younger patients, risk factors associated with infectious complication were assessed by univariate and multivariate analyses. In the multivariate analysis (Table 4) , hepatitis B or C infection (OR 2.9, 
risk factors associated with postoperative morbidity in elderly patients
A separate analysis was performed to identify risk factors associated with postoperative morbidity of elderly patients. It was found that diabetes, high ASA score, lower hemoglobin, 
Discussion
As life expectancy prolongs, more and more elderly patients are treated in clinics. 24 Aging is associated with a progressive reduction in the functional reserve of multiple organ systems, increased disability rates, and reduced tolerance of physical, emotional, and social stress; therefore, treatment of elderly patients remains a challenge worldwide. 24, 25 One of the concerns that surgeons and family members face is the safety of elderly patients undergoing surgical procedures. Compared with younger patients, elderly individuals can be considered clinically "fragile" due to their lifetime accumulation of different diseases. 5, 26 However, with the development of surgical techniques and perioperative management, the proportion of elderly patients undergoing surgical procedure is increasing. 27 Consistent with several previous studies, 14, 28 the present study with a larger sample size demonstrated that elderly patients had a comparable risk of postoperative complication and in-hospital death to younger patients after two major abdominal surgeries, HR and PD. In addition to this, univariate and multivariate analyses indicated that age was not associated with morbidity in patients undergoing major hepatic or pancreatic surgery. Thus, HR and PD were justified for hepatic or pancreatic diseases in selected patients .70 years of age.
However, it should be noted that elderly patients undergoing HR or PD were likely to develop infectious complications (eg, urinary tract infection, systemic sepsis) than younger patients. Elderly patients may have diminished immune function, which makes them prone to infectious complications. [29] [30] [31] Urinary tract infection, which is more common in elderly patients, is almost always caused by prolonged catheterization. 32, 33 Elderly patients are more likely to be catheterized because of medication side effects, preexisting incontinence, and decreased mobility, which impedes toileting. 34, 35 In addition, the incidence of intraperitoneal bleeding was higher in elderly patients after HR and PD. It has been manifested that aging decreases the regenerative ability of liver and recovery of hematopoietic function after surgical blood loss, which significantly delays the restoration of coagulation function. 36 In the multivariate analysis, lower preoperative hemoglobin and intraoperative blood transfusion, rather than age, were strongly associated with increased postoperative complications. Similarly, Tee et al found that preoperative anemia was associated with increased blood transfusion and prolonged time of stay in patients undergoing elective hepatectomy. 37 Preoperative anemia and intraoperative blood loss may lead to hyoxemia in tissue and organs, which further impedes tissue repair and reconstruction. 38 Paradoxically, blood transfusion may correct anemia and rescue the life of a patient with massive blood loss, yet it increases postoperative complications. 
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Major hepatic and pancreatic surgery in elderly It has been suggested that blood transfusion suppresses the immune system in several ways, including impaired natural killer cell cytotoxicity and lymphocyte activity. 40 Therefore, perioperative blood transfusion has also been considered to be associated with worse recurrence-free and overall survival in patients with hepatic and pancreatic cancer. 39, [41] [42] [43] [44] Of note, in the entire cohort, diabetes, ASA score III, Child-Pugh class B, platelet count ,100×10 9 /L, combined major vascular resection, and hepatic versus pancreatic surgery seemed to be associated with increased postoperative morbidity in the univariate analysis; however, they were not independently identified in the multivariate analysis. Actually, in surgically selected patients, the general condition, comorbidities, and liver function routinely improved prior to surgery.
Although infectious complications were higher after surgery in elderly patients compared to younger ones, this was likely to be associated with a lower preoperative hemo globin and higher proportion of pancreatic surgery in elderly group (Tables 1 and 4) , rather than age itself. As shown in Table 1 , elderly patients had a higher proportion of pancreaticoduodenectomy than younger patients. As shown in Table 4 , pancreaticoduodenectomy is a risk factor associated with postoperative infection versus hepatic surgery. Therefore, increased postoperative infection in elderly patients might be associated with lower preoperative hemoglobin and higher proportion of PD surgery. In fact, we included only one type of pancreatic surgery -pancreaticoduodenectomy. Consistently, Kim et al demonstrated that older patients undergoing HR for liver cancer were more likely to develop postoperative pneumonia versus younger patients, and yet had a similar incidence of postoperative complications and mortality with younger ones. 45 Not surprisingly, lower hemoglobin or preoperative anemia is an established risk factor for mortality and morbidity in elective surgeries. 46 Infectious disease is the main cause of postoperative complications, which occurred in one-third of patients undergoing PD. 47 However, postoperative infection is not that common in patients undergoing HR, with the reported incidence ranging from 3.3% to 17.0%. [48] [49] [50] Interestingly, hepatitis, although being less common in elderly versus younger patients, increased postoperative infection. Hepatitis B or C virus has been shown to impair not only hepatic function, but also the immune system of the whole body, and is therefore associated with increased infectious complications after major surgeries or in critically ill patients. 47, 51 In the univariate analysis, patients with compromised liver function, higher preoperative bilirubin and white blood cells, lower platelets, and combined vascular invasion and intraoperative blood transfusion seemed to be more likely to develop infections. In contrast, these factors were excluded in our multivariate analysis, indicating their confounding or weak contributions to postoperative morbidity.
In elderly patients undergoing hepatic and pancreatic surgery, ASA score and intraoperative blood transfusion were independent risk factors associated with postoperative complications. It has been found that a high ASA score was significantly associated with postoperative morbidity and mortality among patients undergoing major gastrointestinal surgery. 19, 52 Aging is combined with a gradual decline in the blood flow, volume, and function of the liver and pancreas. Also, elderly patients tended to have other comorbidities prior to surgery. Thus, elderly patients with ASA score III should be cautiously selected for surgery. Moreover, preoperative correction of anemia, minimization of intraoperative blood loss, and strict control of intraoperative blood transfusion should be emphasized especially in elderly patients. 52 Of note, combined major vascular resection in hepatic or pancreatic surgery was not associated with postoperative morbidity among the whole cohort and elderly patients. The findings indicate the safety of extended surgery even in elderly patients, with potential benefits in improving the long-term survival of patients.
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Limitations
There are several limitations of the present study. First, this is a retrospective study, thus an inherent selection bias cannot be excluded. For example, elderly patients must have been more strictly selected for hepatic and pancreatic surgery after careful evaluation of the functions of vital organs, making them being more like "younger". The discrepancy of the morbidity incidence and risk factors associated may complicate the results. However, the incidence and severity of postoperative morbidity were consistently comparable between elderly and younger patients in either hepatic or pancreatic surgery, and age was not associated with overall morbidity in the multivariate analysis when adjusted for other potential confounding factors.
Conclusion
In summary, elderly patients were more likely to develop infectious complications than younger ones, probably as a result of lower preoperative hemoglobin and higher proportion of pancreatic surgery included in the current study. The incidence and severity of complications were comparable between elderly and younger patients in the whole cohort, and also in HR or PD surgery groups separately. Therefore, both HR and PD can be safely performed in selected elderly patients. 
